We determined the MIC of cefazolin (CFZ) for 2,356 Escherichia coli isolates from fecal samples of healthy foodproducing animals-cattle, pigs, and layer chickens-and subsequently determined the MIC of CTF, CTX, CPDX, and CAZ for CFZ-resistant E. coli. Moreover, we determined the MIC of CTF, CPDX, and CAZ for 93 CFZ-resistant E. coli isolates from fecal samples of healthy broiler chickens as described in a previous report. 9 The MIC of CTX for the 93 isolates had already been determined in the earlier report. 9 We also evaluated the frequency of very major, major, and minor errors, correlation coefficients, sensitivity, specificity, receiver operating characteristic (ROC) curve, and the area under the ROC curve (C-statistics).
The MICs for CFZ, CTF, CTX, CPDX, and CAZ were determined by the broth microdilution method using a commercial broth microdilution test kit (Eiken, Tokyo, Japan), following the guidelines of the Committee for Clinical and Laboratory Standards Institute (CLSI). 3 4, 5 Error classification was assessed using the interpretive criteria for susceptibility. 2 In this system, a very major error occurs when the MIC results of an E. coli isolate indicate resistance to CTF and susceptibility to other TGCs. A major error occurs when the E. coli MIC indicates susceptibility to CTF and resistance to other TGCs, and minor errors occur when the E. coli MIC indicates intermediate sensitivity to CTF and susceptibility or resistance to other TGCs.
Correlation coefficients were defined in terms of the Pearson product moment and Spearman rank order. For the Pearson correlation coefficient, the MICs were first converted to a log scale. Off-scale MICs were treated in 2 ways. First, the low off-scale MICs (CTF: ≤0.06 mg/L; CTX: ≤1 mg/L; CPDX: ≤1 mg/L; CAZ: ≤1 mg/L) were recorded as follows: CTF: 0.06 mg/L; CTX: 1 mg/L; CPDX: 1 mg/L; CAZ: 1 mg/L. The high off-scale MICs (CTF: >8 mg/L; CTX: >128 mg/L; CPDX: >128 mg/L; CAZ: >128 mg/L) were converted to the next highest concentration (CTF: 16 mg/L; CTX: 256 mg/L; CPDX: 256 mg/L; CAZ: 256 mg/L). 6 Second, the off-scale MICs were excluded. 8 For the Spearman rank order correlation coefficient calculation, the off-scale MICs were only treated by the first method.
To correctly identify the resistance or susceptibility (including the intermediate susceptibility) to CTF, we calculated the sensitivity and specificity of each TGC. Isolates showing resistance or susceptibility to CTF and each TGC were considered as true positives and true negatives, respectively. By plotting the sensitivity versus (1 − specificity), we obtained the ROC curve, varying the cutoff value for each TGC while fixing the cutoff of CTF. Each point on the ROC plot represents a sensitivity/specificity pair corresponding to a particular decision threshold. 16 The discriminatory ability of each TGC to distinguish susceptibility or resistance to CTF was indicated by the C-statistics, calculated from the areas under the ROC curves. All data were analyzed using EZR on R commander (v.1.03, provided on-site by the Division of Hematology, Saitama Medical Center, Jichi Medical University, Saitama, Japan). 12 A total of 25 CFZ-resistant E. coli isolates from cattle (6 isolates), pigs (10 isolates), and layer chickens (9 isolates) were detected in the 2,356 E. coli isolates examined. The relationship between the MICs of CTF and the MICs of each TGC in the total of 118 CFZ-resistant strains (includes the 93 CFZ-resistant E. coli isolates from broiler chickens) is shown in Figure 1 . Table 1 lists the error rates between the results classified with CTF and various TGCs. Only CAZ yielded very major errors (17.8%, 21 of 118). Both major and minor errors were observed for all TGCs. The finding that CAZ yielded a high number of very major errors suggests that the resistance and susceptibility results of CAZ and CTF may be contradictory.
Pearson and Spearman correlation coefficients have been used in previous comparisons of antimicrobial susceptibility test results. 1, 7, 11, 13 Pearson correlation coefficients between the MICs of CTF and the TGCs of CTX, CPDX, and CAZ were 0.684, 0.771, and 0.323, respectively (Table 1) , when the low off-scale MICs were left unchanged and the high offscale MICs were converted to the next highest concentration. However, when the off-scale MICs were excluded, the Pearson correlation coefficients between the MICs of CTF and CTX, CPDX, and CAZ were 0.788, 0.484, and 0.561, respectively. The Spearman correlation coefficients between the MICs of CTF and CTX, CPDX, and CAZ, were 0.765, 0.731, and 0.306, respectively (Table 1) . Thus, the correlation coefficients depended on both the statistical analysis method and the treatment method for off-scale MICs. However, the correlations of CTX versus CTF were consistently higher than other TGC correlations.
We confirmed the relationship among the MICs by several statistical methods. The results of a sensitivity analysis, evaluated by the sensitivity, specificity, ROC curve, and C-statistics, are presented in Table 1 and Figure 2 . The sensitivity and specificity agreements between CTF and CTX were 100.0% (96 of 96) and 81.8% (18 of 22), respectively. The respective CTF-CPDX agreements were 99.0% (95 of 96) and 27.3% (6 of 22), and the CTF-CAZ agreements were 76.0% (73 of 96) and 86.4% (19 of 22) . The perfect sensitivity agreement between CTF and CTX indicates that CTFresistant E. coli can be correctly identified when tested with CTX. In the ROC curve analysis, if the plot locates near the upper left corner, the overall accuracy of the test is high. 16 In our study, the plot of 4 mg/L for CTX and 16 mg/L for CAZ, in which the concentrations are the breakpoint concentrations specified in the CLSI guidelines, 5 were concentrated in the upper left corner. However, the plot of 8 mg/L for CPDX (the breakpoint concentration specified by CLSI 5 ) was located outside of this corner, and 128 mg/L was the value closest to the upper left corner. Therefore, for comparison with CTF, 128 mg/L for CPDX was more appropriate than 8 mg/L. In C-statistics, the values fluctuate between 1.0 (i.e., completely distinguishable) and 0.5 (i.e., indistinguishable). The C-statistics of CTX, CPDX, and CAZ were 0.978, 0.953, and 0.798, respectively. In Japan, CTF-resistant E. coli strains in food-producing animals have mainly been isolated from broilers. 10 An AmpC β-lactamase gene, bla , and an expended-spectrum β-lactamase gene, bla CTX-M , have been predominantly detected in these strains. 9,10,14 E. coli INVαF′ containing the bla CMY-2 or bla CTX-M gene has been shown to be resistant to CTF, CTX, and CPDX, but susceptible to CAZ. 14 Moreover, CTX-M β-lactamase can hydrolyze CTX and CPDX at similar rates, but cannot hydrolyze CAZ efficiently. 15 Therefore, we suggest that the high number of very major errors and the low correlation of CAZ compared with those of CTX and CPDX reflect the different hydrolytic activities of β-lactamases. Figure 2 . The receiver operating characteristic (ROC) curve plotted from minimal inhibitory concentrations (MICs) of each third-generation cephalosporin against MICs of ceftiofur. Although the cutoff value for ceftiofur was fixed at 8 mg/L and defined as the breakpoint according to Clinical and Laboratory Standards Institute (CLSI) guidelines, the values of 1 minus specificity obtained from the cutoff values for each third-generation cephalosporin fluctuated and were plotted to produce a ROC curve. The breakpoints defined according to CLSI guidelines were 8 mg/L for ceftiofur, 4 mg/L for cefotaxime, 8 mg/L for cefpodoxime, and 16 mg/L for ceftazidime.
